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COMPARATIVE METABOLISM AND FATE OF THE EICOSANOIDS 
L, Jackson Roberts, II 

In the normal physiologic situation, the biological actions of arachidonic acid (AA) me¬ 
tabolites are limited to the local site of biosynthesis as opposed to exerting systemic effects. 
Therefore, prostaglandins and other AA metabolites are generally considered to be local 
rather than circulating hoimones. A major reason that AA metabolites released at a local 
site of biosynthesis do not exert systemic effects under normal circumstances is because 
these compounds are rapidly and efficiently metabolized to biologically inactive metabolites. 
Thus, the biologically active unmetabolized compounds are prevented from reaching the 
systemic circulation in suffreient concentration to exert effects at sites distant to the origin 
of biosynthesis. In addition, some arachidonic metabolites arc chemically very unstable, in 
particular thromboxane A2 (TXA2) and prostacyclin (PGIi). an that spontaneous nonenzy- 
matic chemical degradation to biologically inactive compounds may be an additional mech¬ 
anism which limits the biological actions of these compounds to the local site of formation. 
Such general considerations are reviewed in the frrst chapter by A. L. Willis, 

Information regarding the specific structures of the metabolic products of prostaglandins 
(PG) and thromboxanes (TX) has substantial practical value. As mentioned above, because 
of very rapid and efficient metabolism, only very small concentrations of unmelabolized 
PG and TX are present in the circulation. Therefore, it is extremely difficult to measure the 
miniscule concentrations of unmetabolizcd PG and TX in the circulation as an index of 
endogenous production of these compounds. However, circulating concentrations of metab¬ 
olites of PG and TX are present in greater amounts than the unmetabolized compounds and 
quantification of metabolites, therefore, methodologically is a more accurate means to assess 
endogenous production of PG and TX. In addition, formed elements of blood produce 
substantial quantities of PG and TX and substantial quantities of these compounds are formed 
and released by platelets and leukocytes during blood sampling and plasma isolation. As a 
result, when uiunetabolized PG and TX are quantified in plasma, the levels measured almost 
entirely reflect artifactual production of these compounds by formed elements of blood during 
sample processing rather than the true endogenous circulating concentrations. Therefore, it 
has been well established that quantifreation of circulating metabolites of PG and TX rep¬ 
resents a much more reliable means to assess endogenous release of FG and TX than does 
quantification of circulating unmelabolized PG and TX.''^ In addition, because of the ex¬ 
tremely low circulating concentrations of unmctabolized PG and TX, only miniscule quan¬ 
tities of these compounds are filtered and excreted from the circulation into the urine. 
However, PG and TX metabolites are primarily excreted by the kidney and thus are present 
in measurable concenuations in the urine. Although measurable quantities of unmetabolized 
PGs and TX tire present' in urine, their origin derives almost entirely from renal biosynthesis 
so that they are excreted directly into the urine, thereby escaping metabolic degradation at 
sites such as the lung and liver.Therefore, although quantification of unmetabolized urinary 
[*G and TX provides a reasonable index of renal PG and TX production, it does not provide 
an accurate total index of endogenous PC and TX biosynthesis by the entire body or reflect 
synthesis of these compounds by organs other than the kidney. In contrast, however, quan¬ 
tification of urinary metabolites of PG and TX has proven to be a very accurate and reliable 
means to assess endogenous PG and TX production. 

The metabolic fate of the cyclooxygenase products PGE2, PGFj^, PGD2, PGI21 and TXB2 
have been extensively investigated both in experimental animals and humans.Only very 
limited information has been obtained regarding the metabolic fate of the lipoxygenase 
products of AA metabolism. Therefore, the primary focus of the following discussion 
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will be directed toward outlining current knowledge regarding the metabolism of PG and 
TX. It is not possible for this discussion to detail all of the specifics of the metabolism of 
PG and TX. There are a number of common features shared in the metabolism of all of the 
PG and TX, although specific differences exist. The general scheme of pathways of metabolic 
transformation of PG and TX, therefore, will be outlined, and where significant and important 
deviations from this general scheme exist for specific compounds, these will be discussed. 

The enzymatic metabolic degradation of PG and TX occurs in multiple organs of the body 
including the liver 33 , 35 . 37-16 kidney,blood vessels,’* platelets,” and eryth¬ 
rocytes.’* In most instances the liver and lung are probably quantitatively the most important 
sites of metabolism of the PG and TX.*® An important initial pathway of metabolic trans¬ 
formation of many of these compounds involves the 15-hydroxyprostaglandin dehydrogenase 
and A” reductase enzymes which convert PG to 15-keto-13,14-dihydro metabolites.” ’® The 
15-hydfOXyprostaglandin dehydrogenase is a cytosolic enzyme with widespread distribution 
in the body including the lung, liver, kidney, and other organs.” Different types of this 
enzyme exist which require either NAD*^ or NADP* as a cofaclor.” This is an extremely 
important and efficient pathway of metabolism of some compounds, in particular PGEj and 
PGFj.. An important site of conversion of PGEj and POFi„ to their respective 15-keto- 
13,14-dihydro metabolites is the lung. Greater than 90% of PGEj and POF^^ entering the 
pulmonary circulation are converted in one pass through the lung to l5-keto-13,14-dihydro- 
PGEj and 15-keto-13,14-dihydro PGFi, respectively.*® 15-Keto-13,14-dihydro metabolites 
of PGEj and PGFj^ are essentially devoid of biological activity’* and the extraordinary 
efficiency of this pathway of metabolism in the lung is a primary mechanism which prevents 
unmetabolized PGE^ and PGFj„ from reaching the systemic circulation in concentrations 
sufficient to exert biological effects. In order for pulmonary metabolism of PG and TX to 
occur, these compounds must be initially taken up by the lung from the pulmonary circulation. 
This uptake process in the lung, at least for some of the PG, appears to occur by an active 
process.’®-** For example, PGIj is a good substrate for the l5-hydroxyprostagIandin dehy¬ 
drogenase and is readily metabolized by homogenates of lung in vitro.***’ However, the 
majority of POIj entering the pulmonary circulation escapes metabolic inactivation by the 
lung.** *® *' This has been interpreted as indicative of a limited capacity of the lung to extract 
PGI,. Thus, the lung is not an important site of metabolic inactivation of PGI,. Both the 
liver and kidney, however, have been shown to readily metabolize PGIj by pathways in¬ 
cluding the 13-hydroxy prostaglandin dehydrogenase;’*’* perhaps net cellular uptake of PGIj 
is greater in these organs. Metabolic uansformation involving the 15-hydroxyprosla- 
glandin dehydrogenase is of relatively minor importance in the metabolism of PODj and 
TXBj.*®-’^-^ PGDj has been shown to be a poor substrate for the IS-hydroxyprostaglandin 
dehydrogenase®^ and incubations in vitro of TXB, with this enzyme obtained from guinea 
pig liver docs not result in the formation of detectable amounts of 15-keto-13,14-dehydro- 
TXB^.®^* In addition, I5-keto-13,14~dihydro thromboxane ring metabolites have not been 
identified in urine following intravenous infusion of TXBj into monkey and man.”-” How¬ 
ever, formation of 15-keto-13,14-dihydro-TXB3 has been shown to occur in antigen-chal- 
Lcnged sensitized guinea pig lungs and the formation of this metabolite increases with 
successive antigen challenges.®’-** Although it is not entirely clear, these studies at least 
raise the question of whether TXA; itself may be metabolized directly by the 15-hydroxy- 
prostaglandin dehydrogenase. These studies have, however, conclusively demonstrated an 
interesting phenomenon of immunologic modulation of thromboxane metabolism. 

Because of the efficient metabolism of PGEj and PGF^,, by the lung lo their respective 
15-keto-13,l4-dihydio metabolites, 15-keto^ 13,14-dihydro-PGEj and 15-keto-13,14-dihy- 
dro-PGFj„ are major circulating metabolites of PGEj and PGFj„, respectively.®-" Quanti¬ 
fication of these metabolites in plasma, therefore, can serve as a useful index of endogenous 
produclion of POE^ and PGF^,,.®-®* However, these metabolites have a very short tV^ in the 
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circulation of approximately 8 min.* Because of the rapid formation but short t'/j of these 
metabolites, the quantification of these plasma metabolites is most useful in detecting release 
of PGEj and PGFj^ which occurs suddenly over a brief period of time. Recently, tetranor- 
13-keto-13,14-dihydro-PGF^u has been shown to be a major circulating metabolite of PGFj,. 
during prolonged continuous infusion of PGFj„ in rats.^ Although this metabolite of PGF 2 „ 
is not formed as rapidly as 13-keto-13,14-dihydro-PGF2^, it disappears from the circalation 
at a slower rate than does 15-keto-13,14-dihydro-PGF2„. Because of the accumulation of 
this metabolite in the circulation, the quantification of this compound may provide a more 
consistent and accurate index of endogenous production of PGFj^. Whether accumulation 
of this or similar metabolites of PGFj„ also occurs in man, however, remains to be inves¬ 
tigated. Following intravenous infusion of PGlj in humans, the major product which appears 
in the circulation is 6-keto-EXjF,„.*'' Also identified in approximately one fifth abundance 
relative to 6-keto-PGF]„ were the PGI 2 metabolites 2,3-dinor-6,15-diketo-13,14-dihydro- 
PGF„„ and 2,3-dinor-6,15-diketo-13,l4-dihydro-20-caiboxyl-PGF,„. It is unclear whether 
the 6-keto-PGF,., which appears in the circulation during intravenous infusion of PGIj, 
represents in vivo hydrolysis of circulating PGI 2 to fi-keto-PGF,^ or ex vivo hydrolysis of 
PGIj during plasma processing. Regardless, however, quantification of 6-keto-PGF|,. in 
plasma docs represent a means to assess endogenous production of POI 2 in man. However, 
the circulating concentrations of 6-keto-PGF,<, in normal individuals has been found to be 
extremely low, less than 3 pg/m€, requiring sophisticated, sensitive methodology for accurate 
quantification,®* Thus, quantification of urinary metabolites of PGI 2 in most instances prob¬ 
ably represents a simpler approach for assessing endogenous production of PGIj. 

Although the urinary metabolites formed following intravenous infusions of TXB, and 
PGDj have been studied, the spectrum of metabolites of these compounds that appear 
predominately in the circulation has not been investigated. 

Major pathways of additional metabolic transformation of PG and TX involve processes 
of p- and co-oxidation. p-Oxidation of these compounds results primarily in the loss of either 
2 or 4 carbons from the upper side chain forming either 2,3-dinor or 2,3,4,5-tetranor 
metabolites. P-Oxidation can also occur on the lower side chain of these compounds, usually 
resulting in loss of only two carbons, but this is quantitatively a relatively less important 
pathway of metabolic transformation. Differences exist between PG and TX regarding the 
extent to which these compounds are P- and w-oxidi 2 ed in vivo. Whereas the major urinary 
metabolites of PGEj and PGFj„ are 2,3,4,5-tetranor compounds, the major urinary metab¬ 
olites of TXBj, PGDj, and PGIj are 2,3-dinor compounds.*'‘^'‘^'‘® “"“ In addition, o)- 
oxidaCion is a major pathway of metabolism of PGF 2 „ and PGEj but a relatively less important 
pathway of metabolism of TXBj, PGDj, and P*GIj. Other relatively more minor pathways 
or prostaglandin metabolism include C-19 hydroxylation and u-hydroxylation at C-20. oi- 
Hydroxylation occurs in the microsomal fractions from liver, lung, and kidney cortex and 
requires The enzymes responsible for C-20 and C-19 hydroxylation appear 

to be separate distinct enzymes which have different properties.” 

Although specific deviations for particular PG and TX have been discussed, in summary, 
major pathways of metabolic transformation of PG and TX involve dehydrogenation of the 
C-15 alcohol group by the IS-hydroxyprostaglandin dehydrogenase, reduction of the A” 
double bond, p-oxidation, and w-oxidation. The general scheme of these metabolic trans.- 
formations of PGFj^ is illustrated in Figure 1. The major pathways of metabolism of PGEj 
are the same as those depicted for PGFj„ in Figure 1. As previously discussed, for PGEj 
and PGF 2 „. the initial products formed from l5-hydroxyprostaglandin dehydrogenase and 
A‘* reductase enzymes, 15-keto-13,14-dihydtO'PGE2 and 15-keto-13,14-dihydro-PGF2„, re¬ 
spectively, are major circulating metabolites of PGEj and PGFi* in plasma. These metabolites 
are then subsequently transformed by jjrocesses of p- and w-oxidation and the end products 
arc primarily excreted by the kidney. The final product of these pathways of metabolism 
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RGURE I. Outline of the major pathways of metabolism of PGP,.. The primary metabolic trans¬ 
formations of PGB, are similar. | 

I 

for PGF,^ depicted in Figure 1 does, in fact, appear in the urine as the most abundant urinary ■ 

metabolite.The analogous PGE-ring metabolite is also the major urinary metabolite of 
PGEj.* PGIj and TXBj, however, are not as extensively and to-oxidized as PGE^ and 
PGF^ and the major metabolites of these compounds in urine are 2,3-dinor-6-keto-PGFi„ 
and 2,3-dinor-TXB2, respectively.“ 

There are important unique pathways of metabolism of TXB, and PGD, which deserve 
to be mentioned specifically. Although the major urinary metabolite of TXBj is 2,3-dinor- 
TXBj, a very prominent pathway of metabolism of TXBj involves dehydrogenation of the 
hemiacetal hydroxyl group at C-11 of TXBj."-“ The initial product of this pathway of 
metabolism, I l-dehydto-TXBj, is the second most abundant urinary metabolite of TXB,. 

These metabolic pathways of transformation of TXBj are outlined in Figure 2. 1 l-Dehydio- 
TXBj is then extensively metabolized by processes of p- and <o-oxidadon. The nature of 
the 11-hydroxythromboxane dehydrogenase enzyme is not known except that this enzymatic 
activity has been found to be present in the 100,000 x g supernatant of guinea pig liver 
and utilizes NAD^ as a cofactor.“* The identification of 11-dehydro-TXBj metabolites 
necessitated the establishment of a new nomenclature for the thromboxanes.^-'’' 

The recent investigation of the metabolic fate of PGD, in the nonhuman primate revealed | 

a unique major paOiway of metabolism of this prostaglandin involving a 1 l-keto-reductase | 

enzyme.’* This enzymatic activity converts die PGD-ring to a PGF-ring by reducing the C- 
11 keto group of PGD^ to a hydroxyl group. 11-Keto-reductase activity was first described i 

to be present in the cellular fraction of sheep blood.'’’ The major urinary metabolite of PGDj I 

in the monkey was found to be 2,3-dinor-PGF2„ and in total, PGF-ring metabolites of PGDj ! 

were present in an approximately twofold greater abundance in the urine than were metab- | 

elites which retained the original PGD-ring. Following intravenous infusion of radiolabeled ' 
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FIGURE 2. Outline of the major pathways of metabolism of TXB,. 
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FIGURE 3. Outline of Uie major pathways of metabolism of PGDj. 

PGDj, radiolabeled PGFj^ itself also appeared in urine. The metabolic fate of PGDj is 
sununarized in Figure 3. The discovery that PGDj is mctabolically transformed in substantial 
part to TOF-ring metabolites and PGFjo itself in vivo raises two important questions that 
remain to be answered. The first is to what extent does PGFjo play a role in the Itnown 
biological effects of PGDj. The second question of importance is whether previous studies 
in which elevated levels of PGF-ring metabolites have been found, such as following antigen 
challenge in human asthmatics,™ anaphylaxis,^ pregnancy,” and during flushing associated 
with medullaiy carcinoma of the thyroid,’'' actually result from increased production of POD, 
rather than PCF^.. Until such studies can be repeated with simultaneous measurements of 
both a PGF' and a PGD-ring metabolite, these questions remain unanswered. The study 
described earlier of PGDj metabolism was conducted in a nonhuraan primate. However, 
there is very suggestive evidence that conversion of PGDj to PGF-ring metabolites also 
occurs to a major extent in man. In a patient with marked overproduction of PGDj associated 
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with systemic mastocytosis,*® in addition to a series of PGD-ring urinary metabolites, mark' 
edly increased urinary excretion of six PGF-ring metabolites was also found.In addition, 
an approximately 50-fold increase in the circulating plasrna level of I5-keto-13,14-dihydrO' 

PGFj„ has been measured in a patient with mastocytosis during a severe episode of flushing.®' 

These observations, however, are not conclusive as studies involving infusion of radiolabeled 
POD 2 in man have not been performed. Thus, it cannot be defmitely concluded that the 
increased levels of PGF-ring metabolites in these patients originate from POD, rather than 
PGFj^ overproduction as well. 

Similar to the H-keto-reductase, 9-keto-reductase activity has been identified in several 
tissues which converts POE, to The reverse reaction, 9-hydroxydehydrogenase 

activity, has also been described.’***-”®^ Although the interconveision of PGEj and PGFj, 
may be of biological importance locally at various sites in the body, it does not play an 
important role in the overall metabolism of PGFjq and PGEj in man since only a relatively 
small quantity of a radiolabeled PGF-ring metabolite has been found in human urine following 
the administration of radiolabeled PGE^*^ and no PGE-ring metabolites were identified 
following the administration of radiolabeled POF^,, to humans. 

Recent reports have also described the ability of various cells and organs to convert PGI^ 
to 6-keto-PG£,.“-“ This finding seemed to be of potential significance in that 6-keto-PGE, 
was shown to inhibit platelet aggregation, although some debate existed regarding its potency 
in this regard.®* *’ Because 6-keto-PGE, is a relatively stable compound in contrast to PGl,, 
it was questioned whether conversion of PGIj to 6-keto-PGE, was an important mechanism 
by which the antiplatelet effects resulting from PGI 2 production might persist for a longer 
period of time than would the direct antiplatelet effect of PGJj itself. However, a recent 
study employing a mass spectromctric assay for 6-keto-PGE | failed to detect any increase 
in plasma levels of 6-keto-PGE, during intravenous infusion of PGI, in normal human 
volunteers.** These studies employed intravenous infusions of exogenous PGl^. Cognizant 
of this fact, however, unless there are significant differences in the metabolism of exogenous 
vs, endogenously released PGI^, it appears that in man, PGIj is not converted to an appre¬ 
ciable extent to 6-kcto-PGE, and 6-keio-PGE, is unlikely to be a mediator of the biological 
effects of PGIj. Such considerations are extremely important, since 6-keto-PGE, causes 
constriction of human coronary arteries, a possibly dangerous consequence in metabolism 
of PGI 2 infused in clinical studies (see fust chapter by Willis). 

It is also of importance to briefly discuss spontaneous nonenzymalic chemical degradation 
of PG and TX as an additional mechanism of biological inactivation of these compounds. 

The potential importance of nonenzymatic chemical degradation is probably limited to the 
labile compounds TXAj and PGlj. TXAj is an extremely unstable compound which spon¬ 
taneously degrades in aqueous solutions to TXB^ with a t '/2 of approximately 32 sec.®’ 

PGIj is more stable than TXAj, requiring a period of minutes to hydrolyze to 6-keto-PGF,„, 
and plasma albumin has also been shown to stabilize PGI^.** The importance of spjontaneous 
chemical degradation of TXA^ and PGI^ as a determinant of the duration of the biological 
activity in vivo of these compounds is not entirely clear. Since intravenous infusion of PGIj 
results in increased urinary excretion of 6-keto-PGFi.,®® this indicates cither that PGIz is in 
part directly excreted intact by the kidney or that 6-keto-PGFi„ is excreted following deg¬ 
radation in the circulation of PGI 2 to 6'keto-PGF,„. Although intravenous infusions of PGIj 
and 6-keto-PGF,„ yield the same urinary metabolites, the relative abundance of the urinary 
metabolites formed differ for the two compounds infused.*® This suggests that PGI^, at least 
in part, may be enzymatically degraded itself prior to hydrolysis to 6-keto-PGF,„. Other 
evidence in support of direct metabolic transformation of PGIj is the finding that PGIj is a 
better substrate than 6-keto-PGF„, for the IS-hydroxyprastaglandin dehydrogenase. An out- ! 

line of the metabolic fate of PGIj is depicted in Figure 4. As mentioned previously, there ! 

are some data which possibly suggest that TXAj can also be metabolized directly prior to ! 
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FiCURE ■4. Outline of the major pathways of metabolism of PGI3. 


hydrolysis to TXBj, although there is considerably more doubt about this than the possibility 
of direct metabolic transformation of PGIj. 

In addition to the possibility that endogenously formed TXAj itself may be enzymatically 
metabtrfized directly prior to hydrolysis to TXBj, very complex interactions of TXAj with 
plasma proteins have also been described which may potentially affect the duration of 
biological activity of TXA^ in vivo. Some data suggest that TXAg may be covalently bound 
to plasma albumin, which would result in biological inactivation of TXAj.™ However, there 
is also some evidence suggesting that noncovalent binding of TXAj to serum albumin and 
possibly other plasma proteins may prolong the biological activity of TXAi.” ” When all 
of these factors are considered (spontaneous chemical degradation, enzymatic metabolism, 
and plasma protein binding effects), the potential determinants of the biological activity of 
endogenously formed TXA^ can potentially interact in a very complex way, which are 
illustrated in Figure 5. 

In summaty, knowledge of the fate and metabolism of PG, TX, and lipoxygenase products 
is extremely important in understanding the biological effects of these compounds in vivo, 
and the quantification of metabolites of these compounds is the most accurate and reliable 
means by which to quantitatively assess the endogenous production of these compounds. 
Considerable important information regarding the metabolism of some of these compounds, 
in particular the lipoxygenase products, has not yet been obtained. However, continued 
investigations in this area will undoubtedly expand our understanding and ability to interpret 
the biological effects of these compounds in vivo and provide the background biochemical 
information necessary to better assess and define the physiologic and pathophysiologic 
involvement of the compounds in various physiologic and pathologic processes in man. 

ADDENDUM 

Since the original writing of this chapter, important new findings have been made related 


. ......... 

PM3006732102 

Source: https://www.industrydocuments.ucsf.edu/docs/nspx0001 





240 CJiC handbook of Eicosanoids: Prostaglandins and Related Lipids 
PLASMA PROTEIN BINDING 



H,0 


FIGURE 5. Proposed biological fate and determinants of the duiatiaa of biological activity 
of endogenously fonned TXAj. 


to the metabolism of PGD;. As a consequence of these recent findings, some of the statements 
made above regarding the metabolism of PGDj require clarification and correction as below. 

It was stated above that a major pathway of meiabolisin of PC was via a 11 -ketorcduciase 
pathway to POF^ and PGFj metabolites. Although it was originaHy thought that both the 
C'9 and C-11 hydroxy) groups of the POF^ compounds were both oriented alpha in relation 
to the cyclopentitne ring, identical to that of PGFj„, this has subsequently been found not 
to be the case. Studies of the metabolic fate of PGDj in humans revealed that almost all of 
the PGP-ring metabolites of PGDj tested did not form a derivative with butylboronic acid, 
indicating that the C-9 and C-11 hydroxyls are frawj.” ” Subsequent in vitro studies estab¬ 
lished that human 11-keloreductase stcreospecifically transforms PGDj to 9„,1 Ijj-PGFj rather 
than to PGFj„,(9„,n„-PGF2).**®' Of considerable interest and importance is that 9;„llg' 
PGFj has been shown to be a biologically active metabolite of PGDj and is present in human 
plasma and urine.*®' '®" A more recent discovery of great interest is that PGDj has been 
found to be a very labile compound in vivo undergoing extensive isomerization presumably 
involving multiple chiral centers and double bond location and geometry. Subsequent re¬ 
duction of these PGD} isomers by 11 -ketorcduciase then yields more stable PCF^ compounds. 
At least 16 different isomeric forms of PKjFj liave been shown to be present in both human 
plasma and urine.'®' Future studies aimed at elucidating the precise structures of these PGFj 
compounds and their spectrum of biological actions will contribute importantly to our uti- 
derstanding of the biological consequences of PGDj release in vivo. These metabolic findings 
also bring into question the reliability of methods for measuring PGFia and its metabolites 
in biological fluids since both immunoassays and physical methods of analysis such as GO 
MS may simultaneously measure PGFj„ or its metabolites and at least in part some of the 
PGFj metabolites arising from PGDj.'” 
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